Histoenzymic Behavior of Healing Wounds**From the Laboratory of Experimental Pathology, Department of Pathology, Hospital Ramos Mejia and Atomic Energy Commission, Buenos Aires, Argentina.  by Carranza, Fermin A. & Cabrini, Rómulo L.
HISTOENZYMIC BEHAVIOR OF HEALING WOUNDS*
FERMIN A. CARRANZA, JR., J).D.S. AND R0MULO L. CABRINI, M.D.
There is a great deal of data available dealing
with the distribution of enzymes in normal skin
and oral mucous membrane. Alkaline phos-
phatase has been shown to be localized in fibers
and vessels and in inflammatory infiltrates
(1—3). Acid phosphatase has been described as
being localized primarily in the epithelium. In
human skin and oral mucosa there is an intense
reaction in the subcorneal layer (4—8) while in
rat oral mucosa there is, in addition to the sub.
corneal reaction, a somewhat less intense posi-
tive zone in the basal cell layer (9). Beta-glu-
curonidase is localized in the basal cell layer of
the epithelium and in inflammatory cells (7,
10, 11). Succinic dehydrogenase has been de-
scribed in the basal cell layer of the epithelium
(12, 13).
The study of the process of tissue regeneration
found in healing wounds provides material
which is especially favorable for the investiga-
tion of the histophysiologic role of these enzymes.
In an earlier investigation (14) the process of
healing of wounds performed in skin, palatal
gingiva and tongue of 70 Wistar young adult
rats was studied. Two animals were sacrificed
every 24 hours and the material obtained fixed
in formalin, embedded in paraffin and stained
with hematoxylin and eosin. A marked epithelial
extension was seen one to three days after in-
jury. At the same time the connective tissue
showed evidence of inflammatory exudate and
an initial stage of fibroblastic and macrophagic
activity. Between the seventh and tenth days
the proliferative and/or migratory activity of
the epithelium continued and in many cases
there was complete closure of the wound; the
connective tissue showed maximum fibroblastic
activity accompanied by moderate inflammatory
infiltrates. Between the fourteenth and twenty-
fifth days, closure of the wound was usually com-
plete and there was evidence of epithelial kera-
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tinization. There was also an involution of the
fibroblastic proliferation in direct relation to the
existing fibrosis. Phagocytic activity was evident
only iii areas of foreign body granulomas.
These observations served as the basis for
the present histoenzymic study of the different
stages of wound healing.
MATERIAL AND METHODS
The investigation was carried out in 88 young
adult Wistar rats obtained from the Argentine
Atomic Energy Commission animal house.
The animals were anesthetized with ether and
were operated on as follows: (a) half of the tongue
was removed vertically with scissors (Fig. 1, A).
(b) the palatal gingiva of the upper left molars,
up to about 2 mm of the gingival margin and in
all the extension of the three molars, was removed
with a scalpel, exposing the underlying bone(Fig. 1, B). (c) the dorsal skin was wounded
producing a loss of tissue of about one by two cm
(Fig. 1, C).
Twenty-two animals were sacrificed after each
of the following intervals: 3, 7, 14 and 21 days.
The region of the wound was removed together
with a wide peripheral area of normal tissue. The
material was fixed in formalin-chloral hydrate
(Fishman and Baker (10)) or kept at 15° below
zero until enzyme demonstration.
Alkaline phosphatase was demonstrated with
Gomori's technic (15) on material fixed in for-
malin-chioral hydrate and on unfixed sections cut
in our model of cryostate (16). For the demonstra-
tion of acid phosphatase the technics of Gomori
(17), Burton (18) and Seligman et al (19) were
used on material fixed in formalin-chioral hydrate;
sections were also cut in the cryostate. Beta-
glucuronidase was studied with Fishman and
Baker's technic (10) exclusively on material fixed
in formalin-chioral hydrate. Succinic dehydro-
genase was studied on unfixed material prepared
in the cryostate; the methods used were those of
Pearson and Defendi (20) which employs 2-(-p-
iodophenyl)-3- (p-nitrophenyl)-5 phenyl tetra-
zolium chloride (INT) and of Nachlas et at (21)
which uses p-nitrophenyl substituted ditetrazole
(nitro BT).
All enzyme demonstrations were done with
different incubation times (10 mill., 2 to 3 hrs.,
6 to 7 hrs. and 24 hrs.).
RESULTS
Histologic and histoenzymic findings were
similar in skin, gingiva and tongue and will,
therefore, be reported together.
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Alkaline phosphatase. Three days after injury
the enzymic activity was localized especially in
the inflammatory exudate located on the surface
of the wound and in the vessels of the corium.
The reacting elements of the exudate were the
polymorphonuclear leukocytes and some mono-
cytic cells.
Seven days after injury an intense enzymic
activity was found in the fibroblastic probfera-
tion. A positive reaction was also found in some
inflammatory cells and in blood vessels existing
and newly formed (Fig. 2).
The histoenzymic picture two weeks after
injury was very similar to that found at seven
days, although there was a slight reduction of
enzymic activity in the fibroblastie prolifera-
tion.
Three weeks after injury there was still an
enzymic reaction in the fibroblasts forming the
fibrous scar, although evident reduction of
enzymic activity in relation to the previous
stages existed.
At no time was an enzymic reaction observed
in normal epithelium, in that forming the
borders of the wound or in that which later
covered the wound (Fig. 3). Nevertheless, some
zones close to areas of strongly reacting corium
showed a slight nuclear staining of the basal
cell layer, undoubtedly due to a diffusion phe-
nomenon.
Both the material fixed in formalin-chloral hy-
drate and the sections of fresh material obtained
with the cryostate gave consistently good results.
A cid phosphalose. A definite loss of enzymic
activity was observed in the epithelial border
of the wounds three days after injury, together
with a loss of the characteristic enzyme pattern.
The normal intense subeorneal reaction and
moderate basal cell layer reaction were replaced
by a very slight diffuse reaction (Fig. 4). This
zone habitually covered an extension of 50 to
200 microns. The corium reacted in some cells,
possibly macrophages.
Seven days after injury the behavior of the
epithelial border of the wound remained more
or less the same. An increased activity in con-
nection with greater macrophagic activity was
noticed in the corium. The presence of foreign
body resorption cells was accompanied by an
Rio. 1. Wound performed in A, tongue; B, intense enzyme reaction (Fig. 5).
palatal gingiva; C, dorsal skin. Two weeks after injury the epithelium, in
many cases already regenerated, showed signs of
"a
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FIG. 2. Seven day skin wound, alkaline phosphatase, Gomori method, incubation time 3 hrs, original
magnification X 135. Note the intense reaction in fibroblastic proliferation (a) and the lack of reaction
in the epithelium (b).
Fio. 3. Seven day tongue wound, alkaline phosphatase, Gomori method, incubation time 3 hrs, origi-
nal magnification X 360. Note the lack of epithelial response (a).
delnonstrating its normal enzymic distribution.
Nevertheless, there was a lack of enzyme reac-
tion in some sections, especially in the super-
ficial areas, where regeneration of the keratin
layer was still incomplete. The corium reacted
in a similar manner to that seen at seven days
(Fig. 6).
Three weeks after injury the epithelium had
its normal enzymic picture. The corium showed
a positive reaction related to the macrophagic
activity, which was due to the presence of
foreign bodies in the scar area (Fig. 7).
The best responses were obtained with frozen
sections of material fixed in formalin-chloral
hydrate for 24 hrs. and with Gomori's technic.
Fresh sections obtained with the eryostate gave
irregular responses since there were areas where
complete enzymic loss occurred; however, in
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FIG. 4. Three day skin wound, acid phosphatase, Gomori method, incubation time 2 hrs, original
magnification X 160. Note the reduction of enzymic response in the epithelium that covers the wound(a) compared with the intense reaction in keratinized epithelium (b).
FIG. 5. Seven day tongue wound, acid phosphatase, Gomori method, incubation time 2 hrs, original
magnification X 160. Note the intense reaction in giant cells (arrows) and the frank response of histio-
cytic cells in macrophagic function.
those areas where the enzyme was preserved
the responses were exactly the same as those
obtained with material fixed in formalin-chloral
hydrate.
Beta-glucuronidase. Three days after injury
an increase in enzymic activity was observed in
the epithelium covering the wound (Fig. 5).
This increase was associated with a change of the
usual enzyme distribution giving a diffuse reac-
tion. A moderate reaction was observed in the
inflammatory infiltrates and in the blood vessels.
On the surface of the wound there was a layer
without any enzymic reaction corresponding to
areas of debris and necrotic material.
Seven days after injury the epithelium gave
a similar reaction. The corium started to show
fibroblasts which gave a positive reaction. The
reaction of the inflammatory infiltrates per-
sisted and the superficial layer continued to
show no enzyme.
Two weeks after injury the regenerated
epithelium started to show a gradual loss of
enzyme with a tendency to regain its normal
distribution. The corium reacted in a similar
way to that observed at seven days (Fig. 9).
In some areas an intense activity was observed
associated with the formation of foreign body
granulomas.
Three weeks after injury the epithelium
showed its normal enzymic distribution. There
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FIG. 6. TWO week skin wound, acid phosphatase, Gomori method, incubation time 2 hrs, original
magnification X 160. The regenerated epithelium shows the normal enzvmic distribution except in
central area where the keratin layer is still absent (a, between arrows).
FIG. 7. Three week tongue wound, acid phosphatase, Gomori method, incubation time 2 hrs, original
magnification >( 25. Fibroblastic scar (a) with little enzymic activity except in one area (b) of foreign
body reaction with greater response.
FIG. 8. Three day skin wound, beta-glucuronidase, Fishman and Baker technic, incubation time 30
mia, original magnification X 140. Note the intense reaction in all layers of epithelium covering the
wound (a).
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FIG. 9. Two week skin wound, beta-glucuronidase, Fishman and Baker technic, incubation time 3
hrs, original magnification X 130. Note the moderate reaction in newly formed fibroblasts.
was still some reaction in the fibroblasts. The
enzymic reaction of foreign body granulomas
remained intense (Fig. 10).
In all cases the reacting cells showed a cyto-
plasmic localization of the enzyme with no
nuclear response.
The material fixed in formalin-chioral hy-
drate gave the best results. Fresh sections gave
an irregular response.
Succinic dehydrogenase. Three days after injury
the epithclium bordering the wound showed a
zone of about 100 to 200 microns where a diminu-
tion of enzymic activity with an alteration of
the characteristic enzyme distribution was
evident. A weak reaction of the inflammatory
infiltrates was also observed. The superficial area
of the wound formed by debris and necrotic
tissue remained completely negative (Figs. 11 and
12).
Seven days after injury the epithelial border
showed the same response. There was a very
weak reaction in newly formed fibroblasts. The
muscle fibers of the tongue, which usually react
in an intense and regular manner, showed zones
of enzymic loss in areas bordering the healing
corium, probably coinciding with areas of
necrosis (Fig. 13).
Two weeks after wounding, the epithelium
started to regain its normal enzymic picture.
The positive reaction in the fibroblasts still
persisted and foreign body giant cells, when
present, were frankly positive.
Three weeks after injury the epithelium had
its normal enzymie characteristics. There were
still some fibroblasts in the corium and there
was no loss of activity in foreign body giant cells.
In all cases the cellular reaction was exclusively
cytoplasmic due to formazane deposits of either
a granular or crystalline type.
The demonstration of succinic dehydrogenase
was done only on fresh sections obtained with the
cryostate. Of the two tetrazolium salts used,
Nitro BT gave the best responses due to the
fact that the formazane deposits precipitated
with a tendency towards granulation. Crystals,
which formed only occasionally made cytologic
analysis more difficult. TNT, on the other hand,
had a tendency to give abundant crystals and in
general, this prevented a correct cytologic evalua-
tion. Nevertheless, the latter seemed to give a
greater reaction.
DISCUSSION
All the enzymes studied showed alteration in
their distribution during healing. The variations
were constant and uniform.
Alkaline phosphatase would appear to be re-
lated to the formation of connective tissue since
the greatest enzymic response was observed
when fibroblastic proliferation and fibrogenesis
reached their greatest activity. This agrees with
the increase in alkaline phosphatase activity
found in healing wounds by Fell and Danielil
(22) and in gingival fibrotic processes (23, 24).
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Fm. 10. Three week tongue wound, beta-glucuronidase, Fishman and Baker technic, incubation
time 3 hrs, original magnification X 30. Intense reaction in muscle fibers (a) and in regenerated epithe-
hum (b). Weak activity in fibroblastic scar (c).
Fm. 11. Three day skin wound, succinic dehydrogenase, Nitro BT, incubation time 2 hrs, original
magnification X 135. Note the reduced activity in proliferated epithelium (a).
An increase in the amount of this enzyme has
been found in other tissues where fibrosis occurs
(tooth pulp (25), tumors (26)).
The presence of alkaline phosphatasc in the
inflammatory exudate is due to the positive
reaction of polymorphonuclear leukocytcs which
constitute an important cellular component of
the exudate (1, 24).
In contrast with the findings of French and
Bcnditt (27) and of Ring (28) who described the
presence of alkaline phosphatase in the epi-
thclium bordering the wound, we found none at
all. The descriptions made by these authors
probably correspond to areas of diffusion during
the technical procedure.
Acid phosphatasc showed interesting varia-
tions in the wound epithelium. From three days
up to the time when the cpithclium completely
covered the wound there was a reduction of
enzymic activity. This behavior suggests that
acid phosphatasc does not play a primary role
in proliferation and/or migration of epithelial
tissue. Washburn arrived to similar conclusions
in his study of rat burns (30). The fact that the
enzyme reappears when keratinization is com-
pleted is another proof of the relationship be-
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FIG. 12. Three day skin wound, suceinic dehydrogenase, Nitro BT, incubation time 2 hrs, original
magnification X 135. Surface necrotic area devoid of enzyme (a).
FIG. 13. Seven day skin wound, succinic dehydrogenase, Nitro BT, incubation time 2 hrs, original
magnification x 135. Note the lack of response in muscle fibers destroyed by the wound (a) and the
lack of response in proliferated epithelium (b).
tween this process and acid phosphatase. This
agrees with previous findings of a reduction of
this enzyme in the epithelial attachment and
crevicular epithelium of the gingiva (6).
No relationship appears to exist between the
formation of connective tissue and acid phos-
phatase. The distribution of this enzyme in the
corium would appear to be related to cells of
histiocytic type. This is confirmed in areas of
foreign body granulomas which showed a very
high enzymie activity that persisted after the
wound had healed.
Beta-glucuronidase increased in the margins
of the epithelial proliferation. In these zones it
partially lost its characteristic distribution in
the basal cell layer and showed a diffuse reac-
tion. These data indicate a relationship between
beta-glucuronidase and epithelial proliferation
or migration which substantiates some previous
reports (7, 30).
In general the distribution of beta-glucuroni-
dase in the corium is very similar to that of acid
phosphatase, although it gives a more diffuse
reaction in nearly all the fibroblasts. This would
lead to the assumption that this enzyme partici-
pates in some stage of fibrogenesis, probably in
the elaboration of the mucoproteins that con-
stitute the ground substance.
It is interesting to record the intense enzymic
activity of heta-glucuronidase in foreign body
granulomas, where acid phosphatase is also
found.
Succinic dchydrogenasc, which normally has
a distribution similar to that of bcta-glucuroni-
dasc, behaves very differently in healing tissues.
Both enzymes arc localized in the basal cell
layer of the epithelium, but while beta-glu-
curonidase increases in the proliferating epi-
thclium, succinic dehydrogcnase notably
diminishes.
Connective tissue has very little succinic
dchydrogenasc, although it is quite evident that
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Fin. 14. Diagrammatic representation of re-
ported findings.
fibro blasts in full activity possess a greater
quantity of enzyme than the fibroblasts in
lower activity and even more than the fibrocyte.
Figure 14 is a diagrammatic representation of
the reported findings.
SUMMARY AN0 CONCLUSIONS
Wounds performed in the skin, palatal gingiva
and tongue of 88 Wistar rats were studied histo-
chemically after the following intervals: 3 days,
one, two and three weeks.
Epithelial proliferation and/or migration is
associated with an increase in beta-glucuronidase
and a reduction in acid phosphatase and sue-
cinie dehydrogenase. Acid phosphatase tends to
reappear as keratinization starts. At no time
does alkaline phosphatase appear in the epi-
thelium.
Connective tissue healing is associated with
very high quantities of alkaline phosphatase.
The other enzymes appear in lesser amounts.
Foreign body granulomas show large quantities
of acid phosphatase, beta-glucuronidase and
sueeinic dehydrogenase.
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